ABSTRACT
INTRODUCTION
DNA-polypeptide complexes with higher stabilities than nucleosomes are considered to be involved in the topological organization of DNA and in tissue-specific regulation of gene expression (2, 3) . Approaches to isolate and to characterize non-histone polypeptides involved in this function are usually based on extractions of nuclei with agents that release soluble proteins and the bulk of chromatin, followed by investigation of the residual nuclear components (2,3)-One alternative approach to identify tight structures between polypeptides and genomic DNA is based on the assumption that relevant DNA-polypeptide complexes may exist which are more stable than the basic nuclear structure itself. In this case isolated DNA should remain associated with residual polypeptides that are not released by methods sufficient to disrupt the integrity of the basic nuclear structure. Previously we found that a small but persistent amount of nuclear polypeptides remains associated with eukaryotic DNA submitted to the most rigorous deproteinization methods, including treatment with SDS, proteinase K and phenol. The chemical stability of this DNA-peptide interaction is apparently based on covalent bonds between hydroxy amino acid residues in polypeptides and internucleotide phosphates (4, 5) . Complexes of this type seem to reside preferentially on highly repetitive DNA sequences which have been cloned (6) (7) (8) and shown to be highly enriched in residual nuclear matrix DNA (9) . In this paper we show that a rapid and simple deproteinization method (1) allows us to obtain other tight but not covalent DNA-protein complexes which also show characteristics of anchorage complexes.
MATERIALS AND METHODS

Basic procedure for the isolation of DNA
Cell lysis. Ehrlich ascites tumor (EAT) cells were collected from several animals. Cell pellets of EAT and pellets ofSaccharomyces cerevisiae protoplasts (strain AB1380) were suspended in suspension buffer (1:60 v/v). Human placenta tissue was frozen in liquid nitrogen, disrupted and suspended in suspension buffer (1:60 w/v). Suspension buffer was 400 mM NaCl, 2 mM EDTA, 10 mM Tris-HCl, pH 8.2. Proteinase K (Merck) dissolved in 1% SDS was added to obtain a final concentration of 50 u,g/ml. Cell lysis was induced by addition of 0.2 vol 10% SDS/3 vol cell suspension. The lysis mixture was sheared five times by pressing it through a 1.5 mm gauge needle and incubated at 37 °C for 18-25 h.
Salting-out procedure. Lysates were diluted (1:3 v/v) with suspension buffer containing 0.63% SDS, mixed with saturated (6 M) NaCl solution (3:1 v/v) and chilled for 60 min before centrifugation (6000 g, 20 min, 4°C). Supernatants showed OE>260 values of ~12 and OD260/28O ratios of the order of 1.6-1.7. Further purification indicated that -30% of the optical density was due to DNA. Precipitation of 60 OD260 units (~1 mg DNA) and digestion with either DNase I or benzonase (Nycomed; Pharma A/S, Denmark) allowed us to resolve the typical polypeptide pattern of the prominent polypeptides by SDS-PAGE. However, such crude preparations contain RNA and some other peptide material that can be reduced during further purification steps.
Purification steps
Step I, ethanol precipitation. DNA of crude preparations was precipitated with 2 vol ethanol and resuspended in 1 vol TE 0.1 (0.1 mM EDTA, 1 mM Tris-HCl, pH 8.0) or Mg 2+ buffer (5 mM MgCl 2 , 25 mM Tris-HCl, pH 7.5). The effects of the different buffers are described in the text. The resulting DNA solutions showed OD260 values of -6.5 and OD260/28O ratios of the order of 1.85-1.9. This step, precipitation of DNA and its resuspension, can be repeated without loss of the prominent polypeptides.
Step II, RNase digestion. RNA co-precipitated in step I was digested by incubation with 5 u.g/ml DNase I-free pancreatic ribonuclease (ribonuclease I A; Pharmacia) (2 h, room temperature). Precipitation of RNase-treated DNA and its resuspension in TE 0.1 or in Mg 2+ buffer indicated that -50% of the OD260 after step I is due to RNase-sensitive material.
Step III, second salting-out step. RNase and traces of non-specific proteins not released from DNA during the preceding steps can be released by a second salting-out step.
Step II DNA was mixed with 10% SDS (3:0.2 v/v) and saturated NaCl solution was added (3:1 v/v). The mixtures were chilled for 60 min and centrifuged as described under the basic procedure. The average OD26O/28O ratios were 1.92 and the DNA content was -120 u.g/ml.
Isolation and analysis of polypeptides co-purifying with DNA
Small scale release of polypeptides. Aliquots containing 1 mg DNA were precipitated with ethanol. The DNA pellets were dried and covered either with 50 u.1 DNase I buffer (6 mM MgSO 4 ,40 mM Tris-HCl, pH 7.5) or with benzonase buffer (1 mM MgCl2, 50 mM Tris-HCl, pH 8.0). DNA was digested (18 h, room temperature) either by DNase I (Pharmacia, FPLC pure, 10 U) or benzonase (100 U). The digests were mixed with 50 uJ 2x sample buffer (10) and submitted to 10% (w/v) SDS-PAGE (10) . Proteins were stained with Coomassie blue. The polypeptide patterns released by either DNase I or by benzonase were identical. Benzonase was used in routine experiments.
Electro-elution. The prominent polypeptides released from EAT DNA were submitted to SDS-PAGE (10% w/v). Protein bands were located by soaking the gel in 1 M potassium acetate. Protein-containing sections were electro-eluted by means of the Schleicher & Schiill Biotrap device (Schleicher & SchUll, Dassel, Germany). Electro-eluted polypeptides were concentrated by precipitation with 7 vol acetone.
Large scale release of polypeptides for estimation of enzymatic activities. Batches (10 mg) of EAT DNA were digested in UH 100/25 dialysis tubes (Schleicher & Schull) with 400 U DNase I (18 h, room temperature, dialysis against DNase I buffer), followed by additional dialysis against TE 0.1 (3 x 6 h, 40 vol, 4°Q. Aliquots corresponding to 1 mg digested DNA were lyophilized and stored at-20°C. For detection of protected DNA, DNase I was replaced by benzonase, which also degrades traces of RNA. (10) . Following SDS-PAGE (10% w/v) the gels were dried and exposed to Kodak X-ray films. Contact prints of X-ray films are shown.
Analysis of DNA protected by co-isolated polypeptides
Agarose gel electrophoresis of nuclease-protected DNA fragments. DNA-polypeptide complexes released from 3 mg DNA were extracted twice with 1 vol phenol and once with 1 vol chloroform/isoamyl alcohol (24:1 v/v). DNA was dissolved in 14 ul TE 0.1 plus 6 (11 stop buffer (4 M urea, 50 mM EDTA, 50% sucrose, pH 7.0) and submitted to 1.5% agarose (w/v) gel electrophoresis.
Genomic subset library of nuclease-protected DNA strands. DNA-polypeptide complexes released by benzonase digestion of 3 mg DNA were incubated after addition of SDS (final concentration 0.5%) for 3 h at 37°C with proteinase K (1 ug/ul). The digest was twice extracted with 1 vol phenol and once with 1 vol chloroform/isoamyl alcohoh The residual DNA solution was purified by QUIAEX (Quiagen, Chatsworth, USA) and ligated with the pUC18/5maI vector (Ready-To-Go pUC18 SmaVBAiP plus ligase; Pharmacia). Transformation of Escherichia coli XLl-Blue competent cells resulted in colonies containing recombinant plasmids with inserts which were analyzed by conventional techniques (11) .
Quantitation. DNA-polypeptide complexes released by benzonase digestion of 3 mg DNA were purified as described in the previous section, dissolved in 100 ul TE 0.1 and quantified by OD260 (GeneQuant device; Pharmacia).
Electron microscopy of protected DNA. The DNA-polypeptides were released and submitted to the purification steps described in the preceding sections.
Immunological techniques
Antibodies. The 52 kDa protein (4 x 25 u\g) electro-eluted from polyacrylamide gels and total antigen released by nuclease digestion of DNA (4 x 25 (ig) were used for successive subcutaneous injections of guinea pigs at intervals of 3 weeks. The antigens were emulsified in complete Freund's adjuvant (first injection) or in incomplete Freund's adjuvant in successive injections. Immune sera were prepared 2 weeks after the last injection (Eurogentec, Seraing, Belgium).
Protein blots. SDS-polyacrylamide gels (10% w/v) were loaded with the polypeptides from 1 mg DNA and electro-blotted to nitrocellulose (BA85; Schleicher & Schiill). The blots were treated as follows: incubation in blocking solution [PBS containing 0.5% casein (Sigma) and 0.1% sodium deoxycholate, 12 h, '4°C], incubation with diluted serum (1:60 in PBS containing 1% BSA, 12 h, 4°C), three washes with PBS containing 0.05% Tween 80 (Serva, Heidelberg, Germany), incubation with blocking solution as described above, incubation with 20 ml PBS containing 1% BSA and 1 |iCi 125 I-labeled protein A (Amersham, UK) for 2 h at room temperature and three washes with PBS containing 0.05% Tween 80. The blots were dried and exposed to Kodak X-ray film. Contact prints of autoradiographs are shown.
Immunofluorescence. Ehrlich ascites cells settled on lysine-coated cover slips were fixed in cold (4°Q ethanol. Chromatin was extracted by incubation with benzonase (25 U/5 ml benzonase buffer, 1 h, room temperature) followed by extraction with 2 N NaCl in TE 0.1 (1 h, room temperature). After two washes with PBS, the extracted and non-extracted specimens were incubated with PBS supplemented with 1% BSA (10 min), followed by incubation (45 min) with the primary antibodies in a 1:60 dilution with PBS/1% BSA. After several washes with PBS, the cells were incubated (30 min) with the second antibody (FTTC-conjugated affinity-purified anti-guinea pig IgG+IgM; Jackson Immunoresearch Laboratories Inc., USA). The working dilution of the second antibody was 1:200 in PBS/1% BSA. After three washes with PBS, the specimen were treated briefly with 0.1 (ig/ml H 33342 in order to label the DNA. After a final wash in PBS, the cells were mounted with 2.5% (w/v) l,4-diazabicyclo(2,2)octan (Aldrich, Steinheim, Germany) in glycerol/PBS (9:1 v/v).
Microsequendng of PVDF-immobilized proteins
Benzonase digests of DNA and acetone precipitates of the electro-eluted 62 kDa protein were submitted to 10% (w/v) SDS-PAGE. Proteins were electro-blotted for immobilization on ProBlot membranes (polyvinylidene fluoride; ABI, Weiterstadt, Germany). The blots were stained with Ponceau S. The proteincontaining spots were cut out and submitted to an automatic microsequencer (Knauer Biochemie, Berlin). 
RESULTS
Co-isolation of polypeptides with DNA during the salting-out procedure
DNA extracted from eukaryotic cells by means of the salting-out procedure is not free of polypeptides. Although this may be due to the fact that we scaled up and slightly modified the original procedure (1), it is of interest that distinct polypeptides can be reproducibly co-extracted with DNA, indicating their high affinity for DNA. These DNA-polypeptide complexes survive the harsh procedures designed to deproteinize DNA. They remain associated with DNA during the lysis procedure (>18 h, 37°C) in the presence of 50 (ig/ml proteinase K, 0.63% SDS, repeated salting-out steps with saturated NaCl (6 M, final concentration 1.5 M) and ethanol precipitation. In contrast to the previously described peptides that are covalently linked to DNA and that are detected by more sensitive techniques (4, 5) , the proteins co-isolating with DNA under the conditions of the salting-out procedure do not reflect trace amounts. They can be clearly visualized on Coomassie blue stained SDS-polyacrylamide gels after nuclease digestion of 20 OD260 units DNA (Fig. 1) . Four distinct polypeptides with apparent molecular masses of 62,56,52 and 40 kDa can be distinguished that co-precipitate with EAT DNA, even after pretreatment of the DNA solutions with 1 % SDS. Three of these polypeptides are especially prominent, because they also co-precipitate with DNA after treatment of the DNA solutions with 4 M urea. Moreover, this polypeptide triplet could be observed in many repeated experiments without significant changes in the relative amounts of the polypeptides and their molecular masses.
The fourth polypeptide migrating between the 62 and 52 kDa bands is rather faint in most preparations (Fig. 2a) , but occasionally it is abundant, as shown in Figure 1 . This polypeptide does not co-precipitate with DNA after pretreatment of the DNA solutions with 4 M urea. At present we have no explanation for the conditional appearance of this polypeptide. Although the DNA-polypeptide complexes survive the cell lysis procedure in the presence of proteinase K, the polypeptides involved are not absolutely protease resistant. However, prolonged incubations (18 h, 37°C) with mg/ml quantities of proteinase K are required to digest >90% of the polypeptides associated with isolated DNA (not shown). In contrast, at least the majority of the DNA-polypeptide complexes are released from DNA by phenol extraction, which indicates that they are not covalently bound to DNA (Fig. 2b) . Thus, at present, we have no experimental evidence for a potential relationship between the polypeptides co-isolating with DNA during the salting-out procedure and those bound to DNA by covalent nucleotide-peptide bonds previously detected in phenol-extracted DNA (4, 5) .
Quantitation of the polypeptides co-isolating with DNA
It is not possible to accurately quantitate the 40-62 kDa polypeptides co-isolating with DNA during the salting-out procedure because there are no data available on the specific dye adsorption properties of these molecules. Moreover, the large quantities of nucleotides produced during nuclease digestion and an unknown portion of small peptides inevitably surviving the isolation procedure obscure biochemical assays. However, when compared with the staining intensity of different marker proteins it is assumed that the total amount of the persistent 62,52 and 40 kDa polypeptides released from 1 mg EAT DNA is of the order of 10-15 tig (-1.5% by weight), which suggests an average frequency of 1 polypeptide molecule/4000-7000 bp. However, it will be shown below that the 40-62 kDa polypeptides are not bound to DNA as single molecules. Apparently, they constitute much larger complexes which are located on DNA at much larger distances.
Conditional instabilities of the polypeptides co-isolating with DNA
The pattern of the residual polypeptides attached to DNA does not change over months if the DNA remains dissolved in SDS/NaCl (0.63% SDS, 1.5 M NaCl, 4°C). Precipitated DNA can also be suspended in Mg 2+ -containing buffers (4°C) for several days without significant changes in the polypeptide pattern. The typical pattern is also maintained when the polypeptides are heated in sample buffer for longer periods (Fig. 2a) or stored as lyophilized pellets at -20°C. However, when the DNA is suspended in buffers which do not contain Mg 2+ , e.g. in TE 0.1, the 52 kDa band becomes more intense on account of degradation of the 62 kDa band. It appears that the 62 kDa polypeptide is partially degraded by suspension of the DNA in TE 0.1, with the consequence that it migrates, when released from DNA, like the 52 kDa polypeptide (Fig. 2c) . However, despite this partial degradation, it co-precipitates with DNA, indicating that it is still involved in a tight complex with DNA. Further conditional instabilities become evident after electo-elution of the individual polypeptides and precipitation with acetone (Fig. 3) . After these steps, the 40 kDa polypeptide appears as a double band and the 62 kDa polypeptide is apparently partially degraded. However, a rather stable cleavage product (-10-20 kDa) is detectable. These conditional instabilities point to proteolytic activities which are inactive when the DNA remains suspended in either SDS/NaCl solution or for short periods in Mg 2+ -containing buffers. However, they apparently become activated when the DNA is dissolved in TE 0.1 or when the polypeptides are separated by electro-elution and concentrated. It is undecided whether these proteolytic activities are due to the prominent polypeptides co-isolating with DNA or due to as yet undetected co-migrating proteases.
Microsequences
The members of the persistent polypeptide triplet under investigation are apparently not yet characterized at the sequence level. PVDF blots of gels like that shown in Figure 3 were prepared and spots containing the unchanged 62, 52 and 40 kDa proteins were submitted to the microsequencing procedure. Moreover, a microsequence was obtained from the 62 kDa-derived degradation product Database searches with the N-terminal sequence of the 62 kDa polypeptide (QDNGTQDDSLT) yielded the highest number of identities with a known protein termed contrapsin (cotr_m) (12) and with other related proteins. However, since contrapsin is known to be a serum protease inhibitor (12) and since the N-terminal sequence of the degradation product of the 62 kDa polypeptide (SPKRPQNYKFG) shows best homology with a nuclear protein (B23, b232_h) and no similarity with contrapsin, it follows that the 62 kDa protein and contrapsin are not identical.
The N-terminal peptide of the 52 kDa protein (QTSQKDAAQ-SEASL) fits best with a protease inhibitor (al-protease inhibitor, ala2_m), without being identical.
The N-terminal sequence of the 40 kDa protein (ILQADQSI-GEL) shows best homolgy with a proteasome component (proteasome component C2, prc2_h) , however, the number of identities is low.
DNA-protein complexes released by nudease digestion
The DNA-polypeptide complexes are apparently not or not completely dissociated during nuclease digestion. After prolonged digestion of EAT DNA with benzonase, significant amounts (0.05-0.1 %) of undigested DNA can be recovered and quantified, which points to protection of DNA by the associated protein. The fraction of protected DNA comprises DNA fragments of significant lengths which can be resolved on ethidium bromide stained agarose gels (Fig. 4a) . Following deproteinization of the nuclease-released DNA-protein complexes, residual blunt-ended DNA strands can be cloned into the Sma\ site of the pUC 18 vector. Eight of 20 randomly selected plasmids showed inserts longer than 100 bp (Fig. 4b) . The nucleotide sequence analysis of several of these plasmid inserts has not yet identified a known sequence nor a common characteristic, such as a consensus sequence. However, some of the cloned fragments comprise members of the B family of dispersed repetitive sequences (not shown). It is unlikely that single protein molecules 40-62 kDa in size could protect DNA strands up to 100-500 bp in length from nuclease digestion. This suggests that individual high salt-and SDS-stable complexes are composed of a number of the polypeptides resolved by SDS-PAGE. 
Ultrastructure of DNA-protein complexes released by nuclease digestion
Inspection of dialyzed nuclease digests of EAT DNA by electron microscopy revealed uniformly shaped particles 12-13 run in diameter and larger structures which appear to be composed of many of these particles ( Fig. 5a and b) . It remains open whether the large clusters are formed by aggregation of the monomer particles during the digestion period or whether they exist preformed on non-digested DNA. The latter possibility is likely, because it could explain the rather long DNA strands surviving nuclease digestion (Fig. 4b) . The size of the monomer globular particle points to a molecular mass between 500 and 1000 kDa. The residual DNA revealed by agarose gel electrophoresis (Fig.  4) is not directly detectable by electron microscopy ( Fig. 5a and  b) . Deproteinization steps are required in order to visualize the DNA contained in the complexes. After proteinase K digestion and phenol extraction DNA is still associated with non-DNA material, disturbing the spreads (Fig. 5c ). While the persistent polypeptides are clearly released by phenol extraction of DNA (Fig. 2b) , they are apparently more reluctant in dialyzed nuclease digests. Further purification, e.g. by means of the QUIAEX system, is required to obtain DNA which can be spread, as shown in Figure 5d . These results show that the structures visualized by electron microscopy (Fig. 5 a and b) are composed of DNA and polypeptides. Consequently, it is justified to conclude that they reflect the protected DNA (Fig. 4) and the polypeptides co-isolated with DNA (Fig. 1) .
Enzymatic activities of the DNA-protein complexes released by DNase I digestion
The DNA-protein complexes released from DNA in any purification step show significant ATPase activity. The highest ATPase activity is recorded when the complexes are released from freshly prepared step II DNA suspended in TE 0.1 (Fig. 6) . Since the 62 kDa polypeptide becomes partially degraded in such samples (Fig. 2c) , it follows that the ATPase activity is most probably not due to this member of the polypeptide triplet. No loss of activity was observed over weeks when lyophilized complexes were stored at -20°C.
Significant ATPase activity is conserved for at least 1 month when step II DNA remains suspended at 4°C in either TE 0.1 or in Mg 2+ buffer before the polypeptides are released by DNase I digestion. However, almost complete loss of ATPase activity is observed when the polypeptides are released from DNA stored for longer periods (>1 month) in SDS/NaCl (0.63% SDS, 1.5 M NaCl).
The optimal substrate concentration was found in the millimolar range (K m = 7.4 x 10^* M), which is consistent with the known high ATP concentration in eukaryotic cell nuclei. The solvent system used to analyze the ATP degradation products (Fig. 6 ) is able to discriminate between ATP (R f 0.08), ADP (R { 0.37) and AMP (Rf 0.8). Since, at most, only traces of ADP are detectable during the degradation of ATP, it follows that the ADP concentration is either not rate limiting or that the ATPase hydrolyses mainly the a-anhydride bond, resulting in pyrophosphate and AMP (ATP pyrophosphohydrolase, EC 3.6.1.8). (Fig. 7) , which indicates a protein kinase activity of the complexes. Thus it is likely that the small amounts of ADP detected on the chromatograms (Fig. 6 ) are due to this protein kinase activity, while AMP and PPj are the major products of the ATPase. Since most protein kinases have been found to undergo autophosphorylation, it appears that the protein kinase activity is associated with the 52 kDa polypeptide.
Immunolocalization of the DNA-polypeptide complexes
The serum raised against the electro-eluted 52 kDa polypeptide reacts specifically with the 52 kDa polypeptide when analyzed by Western blotting (Fig. 8) . A slight cross-reaction is observed with the 40 kDa polypeptide. Immunofluorescence indicates the exclusively nuclear location of this polypeptide (Fig. 8) , its high frequency in nuclei and prevalence in areas with a high DNA concentration. In chromatin-depleted specimens the H 33342-induced fluorescence could no longer be detected, which indicates that the bulk of chromatin was extracted. However, the antibodyinduced immunofluorescence was as bright as in non-extracted samples, which shows that the complex localized by this serum is an intrinsic component of a residual nuclear structure. This residual nuclear structure is not disintegrated during extraction of the chromatin by digestion with the enzyme degrading DNA and RNA (benzonase) followed by treatment with a buffer of high ionic strength (2 M NaCl).
Species specificity
Ehrlich ascites cells proved to be a perfect system to isolate the large amounts of DNA required for the experiments described in this paper. However, the polypeptides co-purifying with EAT DNA seem to be rather conserved. The sera raised against the persistent polypeptides immunostained equally well nuclei from other eukaryotic species (not shown). Moreover, application of the complete isolation procedure to human placenta tissue released a polypeptide triplet which is very similar to that found in mouse cells. The molecular masses and the relative amounts of the members of the polypeptide triplet isolated from the different species differ only slightly (Fig. 9) . Application of the procedure to S.cerevisiae protoplasts released a single polypeptide of -36 kDa with the same DNA binding characteristics as the polypeptide triplet co-isolated with mammalian DNA (Fig. 9) . The polypeptide from yeast remains stably associated with DNA through all purification steps, including treatment with 4 M urea, but it is released by phenol, like the polypeptides co-isolating with mammalian DNA.
DISCUSSION
The widely used salting-out procedure for DNA isolation results in essentially deproteinized DNA that is suitable for most purposes (1) . However, at least when carried out with the modifications described in this paper, the isolated DNA is still associated with a prominent polypeptide triplet, which is of special interest because it reflects tight DNA-protein complexes that may be involved in chromatin structure and function.
This conclusion is based on the observation that the DNA-protein interaction is high salt-and nuclease-stable. Accordingly, and as proved by immunolocalization, these complexes are not extracted under the experimental conditions generally used to isolate nuclear matrix bodies or other residual nuclear structures considered to reflect anchorage or attachment sites of genomic DNA (2,3). Thus it is justified to conclude that defined anchorage structures can be isolated by the modified salting-out procedure. Cell lysis in the presence of SDS and proteinase K disintegrates the nuclear skeleton, no matter whether it consists of a proteinaceous skeleton (13) or a nuclear matrix composed of RNP (14), however, the high salt-and SDS-stable DNA-polypeptide complexes remain stably attached to DNA, with the consequence that they are co-isolated together with the DNA.
The polypeptides are not bound to DNA as individual molecules. Apparently, they derive from larger complexes which are disintegrated during SDS-PAGE. Calculations based on the total amount of the persistent polypeptides co-purifying with DNA and the size of the complexes visualized by electron microscopy would predict average distances of 50-100 kb, which is of the order proposed for the distances of the bases of DNA loops (2, 3) . Calculations based on the amount and the size of protected DNA are at present less reliable, because we do not know the exact average size of the protected DNA strands and the DNA quantity may be somewhat overestimated, due to an unknown portion of residual nucleotides. Although the average frequency of the complexes (50-100 kb) fits with the expected number of DNA loop attachment sites (2,3) we do not conclude that each of these sites could be associated with one of the complexes. In contrast, the large structures visualized by electron microscopy point to sites where these complexes are clustered, which predicts that only a fraction of the bases of DNA loops could be associated with the stable complexes described in this paper.
The complexes show enzymatic activities that survive treatments considered to destroy enzymatic activity. These activities include a Mg 2+ -dependent ATPase and a protein kinase activity. The tight association of these enzymatic activities with DNA are reminiscent of a DNA-dependent protein kinase/ATPase complex detected in HeLa cells (15) (16) (17) (18) . The latter complex has been suggested to be involved in the regulation of transcription, DNA replication and cell growth (17) . Although the physical constants of the previously described complex are clearly different (16) (17) (18) , it is of interest that a combined protein kinase/ATPase activity has been correlated with DNA transcription and replication (17) , functions that are also expected to be associated with the bases of DNA loops (2, 3) .
At present we have no evidence for a potential relation between the newly discovered high salt-and SDS-stable complexes and covalent DNA-polypeptide complexes described previously (4-9). However, it has been suggested by many authors that different types of anchorage structures with varying functions may exist, e.g. structural and functional attachment sites have been distinguished (3) . So far, the covalent complexes have been found exclusively in association with highly repetitive centromeric DNA sequences (6) (7) (8) , while none of the analyzed sequences involved in the high salt-and SDS-stable complexes belonged to this type of DNA sequence. This suggests that the covalent complexes (4-9) could rather be involved in the topology of highly repetitive sequences, while the high salt-and SDS-stable complexes could function as anchorage structures for other types of DNA sequences.
